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FIRST MODEL. Operator sits at first
model of 1 million volt electron micro-
scope that the Japanese company
Hitachi, Ltd., unveiled just last July
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- Voltage, lenses aid electron micr

Developments push instruments closer to ultimate
theoretical resolution of about 2 angstroms

Two kev developments—superhigh ac-
celerating voltages (1 million volts and
up) and superconducting lens systems
—seem poised to lift the electron mi-
croscope to even greater heights of
utility and push the instrument closer
to "s ultimate theoretical resolution
of about 2 A, (The most sophisticated
S}'stems now give resolutions of about
10 A.) That was the outlook in Kyoto,
Japan, early this month where some
1500 scientists from 36 countries
gathered for the Sixth International
Congress for Electron Microscopy.
The developments represent two
somewhat different approaches to im-
proving the design of electron micro-
scopes.  High voltage is aimed at in-
creasing resolution as well as penetra-
tion. This means thicker specimens, a
boon for both biological scientists and
metallurgists. And it makes possible
the study of living specimens.
Superconducting lenses operating at
crvogenic temperatures give excep-
tional stability and high resolution,
among other things. This means
du:pn electron micrographs at rela-
tivelv low voltages.  And it makes
possible long exposures at low beam
intensitv. which m‘r‘:duce fine detail
even with relativelv large fields
Actually, the tw
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BIG ONE. French
scientist Gaston
Dupouy (left} tells
colleague of the 1.5
million volt

electron microscope
at Toulouse
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microscopes closer to their theoretical
capabilities.

But current design improvements
should involve more than mere gadge-
try.  As one delegate to the Kyoto
meeting put it: “The discussion has
now been joined as to just what does
this [high voltage systems, etc.] buy
vou?” With commercial 1 million volt
models going for about $1 million, it’s
a fair question.

Of the two approaches, the move-
ment to high voltage is furthest along,
at least commercially.  Three instru
ments of 1 million volts or more are
now in use: one in France, two in
Japan.

The French, pioneers in high volt-
age electron microscopy, since 1962
have been operating the world’s larg-
est unit at the Laboratoire d'Optique
Electronique du C.N.R.S. at Toulouse.
“We can reach 1.5 million volts and
we work daily at 1.3 million volts.”
C.N.R.S. scientist Gaston Dupouy told
C&EN in Kvoto.

“High voltage electron microscopes
open up a new domain for the studv of
life.” says Dr. Dupouy, one of the
world’s  outstanding  microscopists.
High voltage instruments make it pos-
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Special chamber. At Toulouse, the
French scientists use a specially built
micro chamber to house bacteria for
study by their big instrument.  “Its
sort of flat or
about 0.1 cc.
the usual
Dupouy.

The “flat” has two small
made of collodion thick
contain the atmosphere

apartment for bacteria.

in volume, adjusted to
conditions of life,” savs Dr.
windows
enough to
ide against

the hich vacuum of the instrument.
The collodion windows pose no prob-
lem for the hich endrayv electron beam

used at Toulouse. Nor does the beam
damage specimens.

For metalh tind others studv-
ing solid spec hich :
microscopy means much great
tration.  "We can study make
15 of metals about 30
times thicker than specimens used with
microscopes,”  savs Dr.
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What of the future® Dr. Dupouyv
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fe#s 3 to 5 million volts may well be
possible within the next five vears.

But meanwhile, the Toulouse mi-
croscopists are devising wavs to im-
prove the performance of their present
mit. At Kyoto, Dr. Dupouy de-
scribed a simple screening device that
eliminates clectrons.
These electrons bear no  information
and serve onlv to blur the image.
The result is dramatically sharpened
micrographs,

But the French instrument is a lab-
oratory model.  And although the
French and others in Europe have
pioneered in high voltage electron
microscopy, the Japanese are first with
commercial models.

Two Japanese firms are now market-
g 1 million volt machines priced at
about S1 million in the U.S. Japan
Electron  Optics  Laboratorv  Co.
(JEOL) last April completed its first
unit.  And Hitachi, Ltd., unveiled its
first model just last July (C&EN, Julv
25. page 39). »

The two instruments bear similar
specifications.  TEOL’s JEM-1000, for
example, can generate 300, 750, or
1000 kv. The machine gives a resolu-
tion of “better than 10 A.,” gives direc
magnification of 500 X *o 150,000 x,
and operates with a voltage stabﬂlt} of
2 X 107 ‘minute. Penetration with
aluminum exceeds 5 microns.  Hitachi
specifications are not too different.

First thoughts. The original think-
ing behind the two units wasn't neces-
sarilv. commercial.  One JEOL ex-
ecutive says, “We built it [the JEM-
1000] as a matter of prestige. But
now it looks interesting [commer-
ciallv].”  Both firms. in fact, now say
they have several prospective custo-
mers in tow.

JEOL has four “hot prospects”
two in Britain. one in the U.S., and
oune in the U.S.S.R. Britain’s atomic
energy establishment at Harwell seems
closest to dealing and likelv will be
JEOL's first customer. JEOL won't
reveal the name of its potential buver
i the U.S. But a good bet is Georgia
ech. which is now planning a labora-
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Meanmwhile. it has received an
from  West Germanv’s Max
Institut  fur  Himforschune-

Frankfurt. for a 630.000-

Planck
Neuroan.
volt unit.

Enthusiastic as the two firms are,
the big units hardly represent a mass
market. not at S1.00 a volt. Still. the
machines enerated considerable in-
terest at the Kvoto conference. where
both firms presented papers outlining
basic structural details.  And both
fims hauled busloads of interested

deleaates to their plants for a firsthand

‘
L
look at the microscopes.

The second approach to improved
microscope design, use of supercon-
ducting lenses, has been championed
by Dr. Humberto Ferniandez-NMorin
and his colleagues at the University ot
Chicago’s departinent of biop!
Others are also now moving into the
field. including Dr. Suicumu Ozasa cnd
others at Hitachi's central
laboratory, Dr. Benjumin M. Siege
and others at Comell, and Dr. A.
Laberrigue and others at the Colleg
de France, in Paris.

As Dr. Ferniandez-Noran puts it:
“One way is to build high voltaze
chines. . . . But bevond a
volts or so. the lens becomes huze . . .
the thing starts to become a mon-
ster. . . .7 So Dr. Fernandez-\or
tackled the problem from another di-
rection by developing superconduc
lens syvstems as well as working out
some of the engineering problems that
afflict existing electron microscopes.
This has meant a prodigious R&D ef-

fort, the 42-vear-old Venezuelan savs.

“We have taken a svstems ap-
proach,” Dr. Fernandez-Morin told
the Kyvoto conference. “We have
worked not only on the lens. but on
the specimen mounting, the power
source. the vacuum system, circuitry,
and so on.”

The problems were many. One of
them was incorporating superconduct-
ing solenoid lenses and related cryo-
genic equipment into an electron mi-
croscope system. Another was work
ing out precise control and reproduci-

ble current settabilitv for focusing
superconducting lenses.  Yet another
was developing an adequate specimen
mounting that prevents temperat
drift.  Another was <tnbi‘xi7inﬁ
excitation current and accele: :
voltage. And there were many more.

To solve these and other problems.
Dr. Fernindez-Morin and his col-

U.S. GUEST. Uni-
versity of Chicago's
Fernandez-Moran
(right) greets
colleagues at exhibit
of his electron
nicrographs at Kyoto
meeting

aues approached the wor Wi
Theyv worked out what he
Is a crvo-electron microscope opti-
cal bench system.  This svstem in-

wdes a modified air-core diquid lic-
1 Dewar with different types i
m-zirconium solenoid lenses
es operate at 4 to 32 Kiloguiss
wut pole pieces and with mn

ctive and objective

BRITISH GUEST. British guest peers
into scope of JEOL's new 1 million volt
electron microscope at the Japanese
company's plant near Tokyo
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eckman Sharpens
our Chromatograms

The Beckman
high performance
Ten-Inch Laboratory Re-
corder gives you a response rwice
as fast as other recorders now used
with gas chromatographs. Its fast pen
response —0.5 second — and high degree
of sensitivity and accuracy make it best
suited for recording the sharp slopes
and peaks of any gas chromatogram.

This recorder was specifically designed
for the laboratory. Included among its
many features are a small dead band of
less than 0.19% full scale and a panel
control permitting instant selection of
seven chart drive speeds. Performance
specifications and versatility enable the
Beckman Ten-Inch Recorder to meet
virtually any recording requirement
without modification.
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man. See the difference a
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makes with your chromatograph.
Or for additional product information
write for Data File LR-266-Sp.
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The other approach was to develop
a superconducting objective lens in a
specially  designed  liguid  helium
Dewar. This lens system can then be
used as an integral part of a cryo-
electron microscope.  Or it cun be
used to veplace the objective lens in
a  modified  high-resolution
electron

com-
microscope.  This
lens sustem,  designed by \Westing-
house to Dr. Fernandez-NMoran's speci-
fication, includes niobium-zirconium
main and vernier coils with supercon-
ducting stigmators, persistent current
switches, and current control devices.

The etiort seems to be paving off.
Dr. Fernandez-Moran said at Kyoto
that he has produced exceptionally
stable. high quality images of biolog-
ical specimens, using a superconduct-
ing objective lens of niobium-zirco-
nium at liquid helium temperature.
In his most recent work, he savs. he
has attained resolutions of 10 to 20 A.
at 4.2 K. using test specimens of
stained catalase asbestos on carbon
film and a superconducting objective
lens without pole piece in persistent
current mode at 73 kv,

High stability. In other work, Dr.
Fernandez-Noran, taking advantage of
the high stability of superconducting
lenses. has made exposures of from 30
seconds to several minutes using a
low-intensity  beam and high-resolu-
tion plates. In this way, he has been
able to produce micrographs showing
a wide field and fine detail "normally
only discernible in the best high reso-
lution micrographs at higher magnifica-
tion.”

Thus, though the
manyv, so are the advantages. In ad-
dition to achieving “superstability.”
Dr. Fernandez-Moran says. his svstem
also keeps contamination and speci-
men damage to a minimum. makes for
optimum use of field emission. and
embodies optimum conditions for both
low and high voltage work. among
other things.

Dr. Fernindez-Morin's work with
ervo-electron microscopes goes back to
195S. but he really got serio
it five vears ago. “In the A
I was laughed at” he now <avs with
a hint of pleasure. “People said it
was too hard.”  He notes that work
in the field has been mainly a U.S. de-
velopment.

What is the outlook for cyvro-electron
microscopv?  “A whole new optics is
coming into being.” savs Dr. Fernan-
dez-Moran. “And it has implications
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or computers, too. The wayv is open

£ approaches which are unique
to superconductors as perfect diamag-
netic materials. The real dividend to
come will be when we can change con-
ficurations. use more efficient lenses.
and so forth.” But commercial models
are still “a few years” off, he adds.
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